The population explosion in the 21st century will have a severe impact on the problems associated with food supply and the environment. Even at present, the shortage of food protein resources is an acute problem. Effective countermeasures to cope with the ever worsening shortage of protein resources in the next century are absolutely essential. We have developed methods to produce and isolate single cell proteins in an ample yield. We have also found that among food grains rice has the highest protein content, and have found that the protein in the grain is present in discrete particles, for which we coined the name "protein bodies". Rice protein has a relatively good balance of essential amino acids, and hence a relatively high nutritional value. We were able to increase the nutritional value further by fortifying it with L-lysine by a novel soaking method. New methods of food preservation will be important to cope with the 21st century food problems, because a large amount of food is lost either on the farm or during storage, to microorganisms, rodents and insects. We developed the carbon dioxide exchange method (CEM), in which food is stored under CO., in hermetically sealed containers (called Hibernation Rice). CO. is reversibly adsorbed to, and desorbed from the amino groups of food proteins. We also developed underwater and underground food storage methods earlier , to take advantage of constant low temperatures in these conditions. Based on these studies, large scale storage methods in 200 kg steel drums in CO., have been developed On an industrial scale which is operated on a commercial base. Methylbromide destroys the ozone layer, and will be banned completely from use for food preservation or any other purposes. Storage under C0.> is far superior to methylbromide because CO. completely eliminates the rice weevil and other insects, has no toxicity or public health problems, and is economical. CO. is a very effective synergist when used with the pasteurization gas, ozone, to sterilize foods against the virulent pathogenic strain of E. toll, 0-157 and black pepper which are known to be contaminated with bacteria. The use of CO., may add to an already high production of C0., from other sources, such as combustion of fossil fuels. Effective measures to prevent leakage of CO, are needed. We are striving for an innovative idea to prevent the escape of C0 and the consequential warming of the earth.
I. Introduction.
As the new millennium is about to begin, the global population has already exceeded 6 billion (as shown in Fig. 1 ), and shows an ominous sign of a global population explosion which would result in food shortages, malnutrition, and famine, as well as serious environmental problems such as destruction of the ozone layer and global warming. Please note that the largest population increase took place in the rice eating areas like Asia.
The green revolution, which increased caloric supplies, such as grain production, has bearably caught up with the population growth and the predicted global famine has not been as bad as expected. However, protein supply is still a critical factor because the content and nutritional quality of plant proteins are not high. In the following talk, I will address (1) how protein supplies can be increased from non-conventional sources and by food fortification with deficient amino acid, (2) how the loss of rice and other food can be minimized by a novel, environmentally acceptable CO, exchange method, (3) how C02, or in combination with ozone can replace environmentally harmful methylbro-mile, (4) further extended in to the pasterization of food, (5) and finally will discuss novel technological method developing from these studies to reduce release of CO2 from the CO2 exchange method and other industrial and automotive exhausts.
As one of the focused efforts to cope with this problem, we have produced proteins like from single cell organisms such as the Chlorella algae, Torulla yeast and n-paraffin assimilating yeast, as shown in Fig. 2 .
In the early 1950's we developed basic biochemical techniques for protein purification to crystalline purity, of proteins catalases from warm blooded animals and the amphian bull frogs.
The single cell organisms also have protein rich organelles as shown in the electron microscopic pictures of Chlorella in Fig. 3 . We developed methods to break hard cell membrane by urea and purified the single cell proteins, and other cell proteins and named Mipron. Proteins were also purified from other single cell organisms, these proteins may be useful as animal feed since its production is several orders of magnitude faster than animal or plant proteins. Fig. 4 illustrates the pathways of single cell protein production and utilization.
Proteins in cereals are localized in vesicular particles in food grains which we discovered in rice, and coined the rtdltte "protein bodies".
Rice has the highest content of protein among cereals, and the nutritional value or rice protein is relatively good. By supplementing critically limited essential amino acids such as lysine and threonine, its use as a major source of protein should be seriously considered at the time of critical shortage of proteins. We developed a soaking and steaming method for this purpose.
II. New methods of food preservation. My interest in hibernation was stimulated by taking an animal physiology course. In the autumn, amphibians and reptiles go into hibernating holes. The concentration of CO2 (carbon dioxide) at the bottom of the holes builds up, as it is heavier than air, and the holes are covered by fallen leaves. Thus, accumulating concentration of CO2 is one of the major factors in the induction of hibernation. As the temperature falls, we found that the hibernating animal bull frog is better equipped to survive the low temperature than warm blooded mammals, because, for example, liver catalaze has its optimal activity at 15 °C , whereas mammalian catalase works optimally close to 40 °C.
We tried to see if this hibernation paradigm applies to food storage. By using gas-impermeable multilayer, laminated plastic bags, we were able to hermetically seal the grain containing bags under CO2 gas. Much to our surprise, the CO2 containing bag adhered very tightly to the grain, whereas in an air containing bag grains and bags were loose as shown in Fig. 5 . A quantitative measurement of CO2 showed that CO2 was reversibly adsorbed to and desorbed or released from the grain in a reversible manner, as shown in Fig. 6 . The amount of CO2 adsorbed and desorbed seemed to be comparable, indicating a reversible adsorption-desorption process. The amount of adsorbed CO2 depends on the amount of protein in the grain in the bag, indicating proteins as the site of adsorption (Fig. 6 , Table I ). Various plastic materials were tested for use as the bag; their physical strength, permeability to gas, and heat sealability. The combination of oriented nylon, polyvinylidene chloride and low-density polyethylene contribute strength, non-permeability and heat sealability, respectively, as shown in Fig. 7 . Thus, a laminated bag consisting of layers of the materials were ideal and essential for hermetically sealed storage under CO2 gas. Fig. 8 shows one of the packaging plants for this process. I coined the term "hibernation storage", since it is done under hibernating conditions. The storage of rice packed by various methods was tested under low temperature conditions such as, 30 meters below the surface of Lake Biwa, or deep inside abandoned mines (Fig. 9 ). At thirty meters below the lake surface the water pressure is equivalent to 3 atmospheric pressure. Much research was needed in selecting materials and the storage containers was needed or the bag will not be able to withstand the pressure. One example is given in Fig. 10 , which was done by the Food Agency of the Japanese Government to emulate our method, whereas our experiments went without any problem, because of the careful choice of materials for the bag and many other factors. Fig. 11 shows the packaging method using the carbon dioxide exchange method, abbreviated as CEM, which has been available to the general consumer in the Osaka and Kyoto districts since July 1973, as shown in Fig. 12 .
I must emphasize that the flavor of the rice is not affected, nor had any deterioration developed after a year of storage at room temperature. It did not develop rice weevils or other insects, and the loss to rodents was also less than 1%. Now the storage is scaled up to an industrial scale by using 200 kg steel drums with laminated liners. (desorption) of CO, from The amount of CO2 adsorbed is greater in peanuts and soybeans than in rice (Table I) . The beans and nuts contain more protein than rice and wheat. We considered that these proteins are possible sites for CO2 adsorption, We compared the CO2 adsorption capacity of various proteins which we had purified earlier. Casein and gelatin were among the highest in adsorbing CO2 as shown in Table II . These proteins are rich in L-lysine in comparison with powder of various pure amino acids. These observations support our hypothesis that the E-amino groups of lysine is the site of the reversible adsorption of c02, as supported by data.
III. Nutritional value of rice. Although polished rice is tasty, it deteriorates rapidly during storage and also lacks various nutrients, particularly vitamin B1. Furthermore, its protein is inferior in nutritional value to those of animal proteins. Thus, over-reliance on rice as food causes beri-beri and other neurological ailments due to vitamin B1 deficiency, we addressed these problems. Dr. R. R. Williams of the U.S. fortified rice by coating it with vitamin B1, then with zein, a corn protein, as "premix rice" as shown in the left of Fig. 14. Independently, we had developed what we designated the Kyoto University "enriched rice" (on the right of Fig. 14) , by soaking rice in mild 0.1% acetic acid solution containing vitamin B1. This process was very simple and inexpensive. We could even add deficient amino acids such as lysine, as described above. Dr. Williams was very graceful to concede that Kyoto University's "enriched rice" was superior to his zein coated "premix rice".
The vitamin B1 fortification was a powerful method in our fight against beri-beri. Within 30 years of use, when the production of the enriched rice was increased in Japan, beri-beri and other vitamin B1-deficient neurological disorders were wiped out.
As I mentioned earlier, during these studies of rice fortification we were also investigating properties and localization of rice proteins by using an electron-micro- scope. As shown in Fig. 15 , we discovered protein granules of characteristic morphology, for which we coined the name "protein bodies". It is this basic research which led to the invention of the novel carbon dioxide exchange method (CEM) for rice storage. A two step lysine fortification method was developed in which soaking and stemming were used. IV. The C02 exchange method is superior to storage under methylbromide.
In 1997 the working committee of Canada and U.S.A. for drafting the Montreal Protocoal, has recommended a global ban of the use of methylbromide as an agricultural chemical. In tropical and subtropical countries such as Southeast Asia and Central America, almost 30% of harvested cereals are lost to insects and rodents.
Such an extensive loss readily wipes out the results of efforts for increasing food production, and as we have long warned at the International Congresses of Food Science and Technology meetings, it presents a serious challenge to food preservation. The preservation involves environmental problems, thus we are faced with the serious problem of priority. Is food preservation or environmental protection of the first priority?
In Japan, the poison gas chloropicrin had been used as an insecticide, but it was banned by popular demand and has been replaced by methylbromide. On the other hand, our group has long been presenting scientific evidence that the deterioration of rice during storage is mainly due to the result of oxidation by oxygen (02) which comprises 21% of the atmosphere.
However, I must emphasize that it is not due to higher temperature. It is to our regret that the Ministry of Agriculture and Fishery, and the Food Agency of the Japanese Government were unaware of the scientific knowledge that a lower temperature is not effective and tried to resort to low temperature storage methods. Unfortunately, since they miserably failed in imitations of our deep-water storage method, they squandered a large sum of money in building uneconomical low temperature warehouses for storing rice at 15 °C. However, the rice weevil could not be killed at 15 °C .
On the other hand, by our Carbon Dioxide Exchange method (CEM), oxygen in the gas phase of the containers (silos, drums, or plastic film bags) is replaced by CO2. Insects like rice weevils cannot develop in or survive the anoxic condition. Also, cereal deterioration, due to oxidation does not occur, even at an ambient temperature throughout the year. Thus, since it does not require a cooling device or procedure, and since it is sealed in a clean gas, it is economical and does not present food hygiene problems.
In 1997, forced by the external pressure for banning methylbromide by the Montreal Agreement, The Food Agency of the Japanese Government had to make a sudden policy change and had to adopt CEM of Kyoto University and requested my advice. Now we, the government, and industry are collaborating amicably to develop a large industrial scale food preservation project.
V. Pasteurization of food against the pathogenic Escherichia coli strain 0-157 and other food stuff.
Ozone (03) is a strong bactericidal agent. However, it oxidizes many food components, it cannot be used for the pasteurization (sterilization) of food. Furthermore, its bactericidal effect is limited to the surface of food, but does not reach the interior. On the other hand, in CEM described above, we discovered that is specifically adsorbed to L-lysine, an amino acid component of proteins. Although CO2 alone has only a very low bactericidal effect, when mixed with a low concentration of ozone, the interaction with CO2 and protein results in the synergistic bactericidal action of 03. CO2 seems to function as a carrier which propagate the bactericidal action of ozone to food particles. This method, which was developed by us, is regarded as a very efficient food pasteurization method in the U.S.A. (U.S. Patent No. 5,011,699 (1991)).
VI. Global warming and counter measures. As shown in Fig. 16 , the restoration of global balance of CO2 is one of the urgent issues. The consensus of environmental scientists is that we must reduce the release of CO2 from exhaust gas to 60% of the present level. On the other hand, a complete ban of methylbromide as an insecticide to prevent further loss of the ozone layer presents a serious dilemma to food preservation all over the world, and particularly to hot and humid Southeast Asian countries where the loss of stored food is rampant amounting to as high as 30%.
Although in Japan, we may appear to be enjoying improved public health, improved nutrition and reduced infant mortality, which result in the very high life expectancy of 76 for males and 83 for females, the nation's food self-sufficiency is now reduced to 41% due to forced importation of food and feed grains. Farmers are forced to reduce the cultivated land, and green in rice paddies are being reduced. Acid rain is working havoc on forest, thus, we are fighting hard battles for the preservation of the environment. Many new ideas are needed to survive this difficult time. We are striving to 
